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ABSTRACT: Central of Celebes is a seismic active region caused close to the triple junction between the Eurasian, 
Indo-Australian, and Pacific/Philippine plates. This region has high seismicity which dominated by shallow earthquake. 
This condition can be a trigger to generate an earthquake with tsunami potentially. The purpose of this study are to 
make model of Toli-Toli and Peleng tsunami source, its tsunami propagation and identify its run up at some point. In 
this study, we use two study cases. There are the 1996 Toli-Toli tsunami which located in Celebes Sea caused by 
activity of Palu Koro active fault which intersect with convergent boundaries of two tectonic plates, Philiphina Plate 
and Eurasian Plate and the 2000 Peleng tsunami which occur because of Batui Thrust which activated by Sorong Fault 
in East Celebes. This study use earthquake source parameter from Global Centroid Moment Tensor (CMT) catalog. We 
use single fault model to describe the source. While to get tsunami propagation and run up we use bathymetry data from 
National Oceanic and Atmospheric Administration (NOAA) to see tsunami propagation and its run up at some point 
which may be get maximum height. All of data were treated by using tsunami simulation program from Mamoru 
Nakamura with finite difference method. The simulation run up of Toli-Toli tsunami get the highest in South Dampal 
with height about 4 m, while for Peleng tsunami simulation, Bangkalan Island get the highest with height about 2.67 m. 
The simulation result from run up Toli-Toli tsunami indicate similarity with visual estimate but for simulation of Peleng 
tsunami, there are different with visual estimate result. It is caused by the morphology of the Peleng island which going 
constriction relatively, so energy can be amplified, easily therefore visual estimate can be different with our simulation.    
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INTRODUCTION 
One of the most dangerous area for earthquake and 
tsunami in Indonesia is center of Celebes. Condition of 
earthquake and tsunami in that area proven with several 
histories of earthquake and tsunami since 1927. Like 
earthquake and tsunami in Palu 1927, Parigi 1938, 
Tambu 1968, Toli-Toli 1996, and Peleng 2000 
(Pelinovsky, Yuliadi, et al 1997). 
Earthquake and tsunami has ever came down in 
Celebes Area and it’s very important to take mitigation 
effort of earthquake and tsunami disaster. To be aware 
about that, we need to make simulation of data tsunami 
to know prediction of run up and propagation time of the 
tsunami which probably occur in that area, building on 
its historical data tsunami. Source, maximum tsunami 
height, and propagation time of tsunami were simulated, 
then its run up was verified with result of other 
observations by visual estimate, hope that this simulation 
can be used as reference to make tsunami scenarios in 
that area.   
In this study, we use two study cases. There are the 
1996 Toli-Toli tsunami which located in Celebes Sea 
caused by activity of Palu Koro active fault which 
intersect with convergent boundaries of two tectonic 
plates, Philiphina Plate and Eurasian Plate and the 2000 
Peleng tsunami occur because of Batui Thrust which 
activated by Sorong Fault in East Celebes. Both of these 
tsunami were produced by earthquake in bottom of sea 
which caused by reverse and oblique fault so that can 
trigger big amount of water move. 
The purpose in this study is try to know run up 
tsunami and time propagation of tsunami wave by using 
single fault model to discribe source model of the 
tsunami. Whether just use a single fault model, we can 
obtain a result that approach with visual estimate in that 
region or not. 
 
Tsunami Basic Theory 
Tsunami is a series of water waves (called a tsunami 
wae train) that is caused by displacement of a large 
volume of a body of water, such as an ocean 
(setyonegoro, 2011). It is a chain of sea waves 
commonly caused by dislocation of bottom of sea. This 
activity can trigger big amount of water move. There are 
four causes that can generate tsunami such as explosive 
from submarine volcanic eruptions, earthquake in 
bottom of sea, land slide, and collision of celestial on 
sea. 
Most tsunami are caused by submarine earthquakes 
which dislocate the oceanic crust, pushing water 
upwards and by erupting submarine volcanos.  
The propagation of tsunami after disturbances will 
be faster wave in a deep sea, slower wave in a shallower 
sea and decrease in wave length so that amplification of 
wave height can be occur.  
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Tsunami have a small amplitude (wave height) on 
offshore and a very long wave length, which is why they 
pass unnoticed at sea. They grow in height when they 
reach shallower water. A tsunami can occur in any tidal 
state and even at low tide can still inundate the coastal 
areas1.   
The relation of velocity tsunami wave with height 
and tsunami wave length can be found from; 
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                                                            (2) 
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Where,  
V = wave velocity 
g = acceleration of gravity 
T = wave period 
λ = wave length 
H = depth from mean sea level to bottom of sea 
η = wave amplitude 
 
Hydrodynamic Equations 
Hydrodynamic equations of tsunami wave 
propagation is wave length equation which consist of 
continuity and momentum equations (Rahmawan, 2012). 
 Continuity equation 
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 Momentum equation 
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Where, x and y is horizontal axis, z is vertical axis, t is 
time, η vertical transfer from water surface, h is depth of 
sea from mean sea level, D total depth of water given by 
h + η, g is acceleration of gravity, n is manning 
roughness of bottom sea, M and N is component of 
water change/flux in x and y axis which written by 
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Where, u and v are horizontal velocity from water 
particles which move in x and y axis.  
 
Tectonic Structure and Seismicity of Center Celebes 
Center Celebes is seismic active zone caused close to the 
triple junction between the Eurasian, Indo-Australian, 
and Pacific/Philippine plates. 
The third meeting of these plates are converging and 
colliding relatively caused Central Sulawesi and its 
surrounding area into an area that has a fairly high level 
of seismicity, earthquake activity in this zone also seems 
dominated by earthquakes shallower depths from 0 to 60 
kilometers, which is a reflection of strain extrication 
from crust which triggered by active fault activity. 
Based on distribution of Celebes focal mechanism, 
earthquake which usually occur in Celebes sea are 
quakes that have vertical mechanism (reverse or normal 
fault), this case is characteristic of quakes which caused 
by subduction in plate borders, so that the quakes which 
are located in that area potentially to produced tsunami.  
 
Scalling Law and Setting Parameter of Fault 
Length and width of fault can be found by 
distribution of its main shock, fore shock, and after 
shock. According to empirical equations, length and 
width of fault found by Donald L. Well & Kevin J. 
Coppersmith, 1994  scalling law;  
  
a. Fault Length (L) 
               (9) 
b. Fault Width (W) 
                (10) 
c. Maximum Displacement (MD) 
           (11) 
d. Average Displacement (AD) 
           (12) 
 
Length Al1 (km) and Al2 (km) is length o fault, Aw1 is 
width of fault, while position of fault x_eq is longitude 
and y_eq is latitude. 
 
Data and Method 
Numerical simulation of propagation and run up tsunami 
can be made by apply the non linear shallow water 
equation with considering the base friction and ignoring 
coriolis and wind force cause its friction effect is very 
small. Sea surface change which occur by tidal effect is 
also ignored cause its change is too smaller than tsunami 
height. 
We calculate run up and propagation of the tsunami 
by using Momoru Nakamura’s software with finite 
difference method, this method also had been applied for 
simulate Yaeyama 1771, Aceh (Setyonegoro, 2011), and 
Pangandaran Tsunami (Sunardi, 2010), so that we also 
want to apply it to simulate the historical tsunami in 
Central Celebes. 
Coordinate system which we use to simulate 
propagation of tsunami wave is Cartesian coordinate 
system (near field tsunami). All of the numerical 
simulation process in this study including source, ocean, 
and run up modeling use Momoru Nakamura’s Program. 
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This is a scheme of our simulation workflow 
        
Simulation Workflow 
 
RESULT AND EXPLAINED 
 
Source Modeling 
In source modeling, source that caused tsunami 
assumpted by vertical deformation of bottom sea. Input 
data that we use to describe that source is based on 
earthquake parameter (mechanism of earthquake source) 
that obtained from global CMT catalog.  
In this study, Source modeling of tsunami Toli-Toli 
1996 and Peleng 2000 use single fault model with fault 
parameter obtained by Donald L. Well & Kevin J. 
Coppersmith, 1994 scalling law. We get fault dimension  
with length 146 km, width 43 km, and 6.7 m for 
maximum displacement of Toli-Toli tsunami 1996, 
while for Peleng tsunami 2000, we get length 90 km, 
width 30 km, and maximum displacement 3.9 m.  
Result of source modeling with Mamoru 
Nakamura’s Program indicate that maximum vertical 
displacement of Toli-Toli tsunami is 0.9 m with 
minimum displacement is -0.8 m, while for Peleng 
Tsunami, we get 1.21 m for its maximum and -0.7 m for 
its minimum vertical displacement. Figure 1. 
 
 
 
 
 
 
Fig 1. Source Modeling Result using Mamoru 
Nakamura’s Program for Toli-Toli and Peleng Tsunami. 
 
Ocean Modeling 
Data that we need in ocean modeling is the result of 
source modeling and bathymetry of research area. 
Bathymetry that used in this study based on data Etopo 2 
from National Geophysical Data Center. Maximum time 
that choosen is during 3600 second, this parameter 
useful to define the maximum time that used to see 
propagation time of the tsunami. 
The ocean modeling output can describe tsunami  
propagation during maximum time which we choosen 
before. Its data can be saved in propagation wave form 
every minutes, so that we can know when tsunami wave 
arrived to continent. 
Result of ocean modeling for Toli-Toli tsunami 
indicate that tsunami wave began entered the northern 
coast of Celebes and the eastern coast of Borneo after 6 
minute, while in 10 minute tsunami wave began to 
entered the western coast of Center Celebes and the 
southern coast of East Borneo. In the coast around 
Sirenja, Balaesang, and northern coast of Dondo, 
tsunami wave began entered in 18 minute. For Palu 
Beach, northern coast of Gorontalo, and western coast of 
Maratua Island have been entered at about 28 minute 
Figure 2.        
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Fig.  2 Propagation time result of Toli-Toli Tsunami    in 
several observation points are about 6 until 28 minutes 
 
 
Run Up Modeling 
Run up tsunami is vertical distance between top of 
tsunami wave in beach with mean sea level. 
Run up and height of tsunami wave depend of 
magnitude of the earthquake, bathymetry of sea bottom, 
and morphology of the coast. 
Output of run up modeling is maximum tsunami 
height on coastwise which hit by tsunami wave and at 
several zone around the coast.  
 
 
 
 
 
 
Where as for Tsunami Peleng, result ocean modeling 
showed that tsunami wave began entered the coast of 
Peleng Island in 2 minute, Banggai Island and southern 
coast of Gorontalo have been entered in 12 minute, while 
Tsunami wave began come to Taliabu Island in about 16 
minute after wave move from source Figure 3.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Propagation time result of Peleng Tsunami in 
several observation points are about 2 until 16 minutes. 
 
 
As for the result of run up modeling for Toli-Toli 
Tsunami has maximum height nearly 4 m, while for 
Peleng Tsunami is 3 m.     
Distribution of maximum tsunami height (run up) 
which appeared in 3D showed run up of tsunami wave in 
several zone which affected by tsunami. Figure 4. 
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(a) 
 
 
(b) 
 
Fig 4. Distribution of maximum tsunami height (run up) 
in several observation points in 3D form along the coast 
that affected by Toli-Toli Tsunami (a) and Peleng (b) 
 
Validation of Maximum Tsunami Height   
Based on simulation result using Momoru 
Nakamura’s Program with single fault model to describe 
the source, we get propagation time of tsunami wave and 
maximum tsunami height (run up) at each observation 
point. 
Simulation results are compared with data obtained 
by visual estimates (Pelinovsky, Yuliadi, dkk, 1997) and 
(Hiraishi, dkk, 2008) Figure 5.  
Based on figure 9, it can be seen that there’s 
difference between the simulation result of Peleng 
Tsunami with its visual estimate. Predictably, this case 
can be occurred due to the software, used by us, 
measured run up of tsunami just once. So that, the 
difference between both of them can indicate that run up 
of Peleng Tsunami wasn’t occurred in once but 
probably, in several times.  
This case can be caused by accumulation of water mass 
that can make tsunami hight measured be very different  
 
Fig 5. The comparison results of high tsunami at several 
observation points for the Peleng 2000 and Toli-Toli 
Tsunami 1996. 
 
from the simulation results. This is also supported by the 
morphology of the Peleng island which going 
constriction relatively, so energy can be amplified, 
easily.    
 
CONCLUSION 
1. Maximum tsunami height of simulation result for 
Toli-Toli and Peleng Tsunami are about 3 – 4 m. 
2. Arrival time of tsunami in several observation points 
based on simulation result are about 6-28 minute for 
Toli-Toli Tsunami and about 2 – 16 minute for 
Peleng Tsunami. 
3. Only using single fault model to describe the source 
of Toli-Toli tsunami, we can get simulation result 
closed to visual estimate, but for Peleng Tsunami, 
its simulation result is very different with visual 
estimate, this case affected by morphology of the 
coast, bathymetry, software that we used, and single 
fault model couldn’t describe the really source of 
that tsunami.  
 
SUGGESTION 
1. Should measure the run up of tsunami more than 
once to get simulation result nearly with visual 
estimate, especially for tsunami occurred in 
constriction coast, because it caused the energy be 
built up. So, we have to consider to morphology of 
the coast. 
2. Should consider with correction factor of 
bathymetry data (condition of ocean bottom after 
tsunami) when make simulation of that tsunami. 
3. Choose the best fault parameters to make tsunami 
scenarios that fitting with observation data (visual 
estimate). Run up tsunami is affected by large of 
slip and direction of fault.  
4. Based on this study result, we hope that it can be a 
base to make tsunami scenarios that located in 
around Celebes area comes more accurate than 
before. 
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